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You don't have to understand Italian or French to enjoy an opera. You can simply let the rich textures of the melodies, the pageantry of the production, and the passion of the composer carry you along on a musical journey. Likewise, you don't have to understand biology to enjoy this remarkable book by the preeminent neuroscientist Eric Kandel, In Search of Memory. You can simply allow yourself to be carried along during the unfolding of his life story, a multicolored tapestry of experiences, which began in Vienna as a young Jewish boy driven from his home by Nazi policemen, and which culminated, many years later, in Stockholm, where he received the Nobel Prize for his work on the biological basis of memory. Now, of course, if you happen to understand Italian or French, it can greatly add to your enjoyment of an opera, since you can grasp the story that the composer was actually telling through the lyrics. And if you have some background in biology, or even better, neuroscience, then this book takes on added value as a marvelous tutorial in the history and significance of many of the fundamental scientific discoveries that serve as the pillars of modern neuroscience.
Either way, Kandel allows his readers to share, often in remarkably intimate detail, the events that profoundly shaped his personal and scientific development. He is a man of many passions. The three that emerge and are intertwined throughout this book are his deep appreciation of his Jewish heritage, his love of history, and his passion for science. These three themes constantly recur as we join him on his journey In Search Of Memory.
A Shiny Blue Car
The book opens with a riveting history of Vienna during Hitler's rise to power during the 1930s. Kandel was a young Jewish boy there when the city became, in a very short period of time, filled with hatred for him and all other Jews. That hatred is made palpable in the most compelling pages of the entire book, as we learn of Kandel's delight in receiving a shiny blue toy car on November 7, 1938, his ninth birthday. He played with this battery-operated car for hours on end. But two days later, on the evening on November 9, his world was changed forever. As he was to learn later, this was the evening of Kristallnacht-literally, ''the Night of Broken Glass''-so named because of the organized mobs that roamed through Jewish neighborhoods in Germany and Austria, breaking the windows of Jewish businesses and homes and burning every synagogue in sight. That evening, two Nazi policemen came to the Kandel apartment and forced him, his mother, and his older brother to leave. His father had not yet returned from work in the toy store he owned; only later did the family learn that his father had already been rounded up, and his store turned over to a non-Jew. After several days, Kandel, along with his mother and brother, was allowed to return to their apartment, which they found ransacked and stripped of all valuables. Notably missing were all of his birthday presents, including his shiny blue car.
Following this vivid personal account, Kandel offers a scholarly and chilling description of the historical antecedents and dramatic consequences of this ignominious phase of Viennese history. We then follow him, with his brother, to New York, where he is joined by his parents several months later to start a new life in Brooklyn. We learn of his high school experiences at Erasmus Hall, and his college experiences at Harvard, where he majored in modern European history and literature. During this time Kandel became fascinated with Freud's writings, and by extension, with psychoanalysis. This was a pivotal period of his development: it motivated him to go to medical school at NYU to become a psychoanalyst. Thus it is no surprise that the influence of psychoanalytic thinking and its relevance to the biology of memory is a leitmotiv that recurs throughout the book.
Harry's Advice While still in medical school, Kandel spent a six-month elective at Columbia University in the laboratory of a renowned neurophysiologist, Harry Grundfest. Consistent with his interest in Freud, Kandel explained to Grundfest that he wanted to explore the anatomical and functional properties of the psychic structures proposed in Freud's theory of mind. Grundfest's sage advice was that such a lofty goal-essentially, to capture the mind in biological terms-should be approached by studying the brain ''one cell at a time.'' This was prescient advice, for, unbeknownst to Kandel at the time, he would go on to build a career on a variant of this very strategy.
In several ensuing chapters, Kandel provides a lively and lucid description of the roots of modern neuroscience, from the influence of Galvani and Helmholtz to the fundamental contributions of several giants in the field, including Cajal, Sherrington, Hodgkin, Huxley, Katz, Eccles, and Kuffler. This historical treatment is a bit like a prolonged aside in a play, providing a mechanism for consideration of an important series of historical discoveries that guided Kandel's evolution as a scientist. Soon we turn to his experiences at the NIH, where he went in 1957 to work with Wade Marshall, a neurophysiologist known for his important studies exploring how our senses are represented in the cortex. At the NIH Kandel met a creative and thoughtful young scientist, Alden Spencer, who was to become a lifelong friend. Both Kandel and Spencer were fascinated with the general question of how memories are formed in the brain and were keen to find an experimental system with which they could study this process at a cellular level. Influenced by the work of Penfield and Milner, they turned to the hippocampus, and, in the ensuing years, they made several seminal observations about the properties of hippocampal neurons. But the system they had developed proved too difficult (at the time) to give up its secrets of how memories are formed. Thus Kandel and Spencer went their separate scientific ways: Spencer turned to the spinal cord, while Kandel became fascinated with a simple sea creature, the marine mollusk Aplysia.
The French Connection
Kandel first heard of Aplysia in two different scientific talks, one by Angelique Arvanitaki-Chalazonitis, who early on appreciated the value of Aplysia for studying signaling among neurons, the other by Ladislav Tauc, who used Aplysia to examine the biophysical properties of nerve cells. Both of these scientists exploited the fact that Aplysia has a very simple nervous system composed of relatively few neurons, many of which are quite large and can be identified as unique cells. Tauc worked at a research institute near Paris, where Kandel and his wife Denise, herself a Parisian, briefly visited him in 1960. Then, after returning to Harvard for a residency in psychiatry, Kandel, with Denise and their young son Paul, set off for a year in Paris. During the next 14 months in Tauc's laboratory, Kandel pioneered the use of Aplysia for the investigation of the neuronal mechanisms of learning and memory. He used an innovative approach: while recording intracellularly from identified neurons, he applied patterns of stimulation to specific neuronal pathways that mimicked the patterns used in behavioral experiments to induce different forms of learning, such as habituation, sensitization, and classical conditioning. This analysis revealed some fascinating potential mechanisms for learning, but even more importantly, it brought the study of learning into the domain of a highly tractable experimental system.
After Paris, Kandel moved to NYU to build a scientific group to study the neurobiology of learning and memory. He was joined by his old friend Alden Spencer, who continued to work on spinal plasticity, and by Jimmy Schwartz, a biochemist from the Rockefeller University. Kandel, Spencer, and Schwartz each assembled their own scientific team, but all of the laboratories blended seamlessly into a collegial group that engaged in lively interactions on a daily basis. The teams were so unified that, in 1974, they all moved together to the College of Physicians and Surgeons at Columbia University. Kandel describes in both personal and scientific detail how he and his colleagues made several seminal discoveries in the ensuing years: they elucidated the cellular mechanisms of long-term memory, which involved changes in synaptic strength and synaptic architecture; they described a mechanism of classical conditioning that gives rise to pairing-specific increases in synaptic strength; and they provided an enormous impetus for neuroscience in general by taking the analysis of memory formation to a molecular level, identifying specific mechanisms of gene activation that contribute to the formation of long-term memories. Parallel studies in other systems, notably Drosophila and in the mammalian hippocampus, identified comparable molecular mechanisms, giving rise to a collective appreciation and excitement in the field that it might be possible actually to identify some fundamental molecular rules employed in the brains of all animals that contribute to the creation of enduring memories.
Remembering Alden
In November 1977, Alden Spencer died of ALS. Kandel succinctly captures the impact of this loss: ''Alden's death was shattering to all of us personally and devastating to our close knit group.'' A few years later, Kandel fondly describes the power of his memories of Alden when he decided to return to studying the hippocampus as an experimental system. He recalls the renewal of the excitement that he and Spencer had felt those many years earlier at the NIH as they tackled the problem of memory formation in this complex mammalian system. But now, as Kandel puts it, he and his colleagues were ''armed with molecular genetic techniques whose power and specificity Alden and I could not have imagined in our wildest dreams.'' Kandel then describes his intrepid scientific foray into the world of recombinant DNA in the mouse, where he and his colleagues became interested in the molecular mechanisms underlying the encoding of spatial relationships, a form of memory known to depend critically on the hippocampus. They found that, while some of the genes identified in Aplysia and Drosophila were also recruited into action during the formation of spatial memories, several additional genes also appeared to play critical roles.
Kandel then provides the reader with another prolonged and fascinating scientific ''aside,'' which traces the recent history of how cognitive psychologists and neuroscientists developed a coherent view of ways in which the brain represents the outside world. He pays special attention to the notion of ''spatial maps,'' which are thought to be encoded, at least in part, by special cells in the hippocampus called ''place cells,'' each of which takes a small Cartesian bite out the composite spatial world. He ends this section of the book by describing a series of exciting cellular and molecular findings that suggest how long-lasting changes in the synaptic strength of place cells, mediated at least in part by comparable molecular mechanisms previously identified in his studies in Aplysia, appear to enable animals to form lasting internal representations of their spatial world.
When Memory Goes Awry
Understanding the mechanisms of memory is not only important from the perspective of basic science. It is also essential for the development of effective therapies to combat the devastating consequences of diseases that compromise cognitive function, such as Alzheimer's disease, schizophrenia, and depression.
Kandel turns to this arena with a lively discussion of the recent emergence of a special type of biotechnology, a partnership between business and science that serves as a critical engine to facilitate the discovery of drugs that might improve memories ravaged by diseases, as well as by the aging process itself. He provides us with an insider's view of the complex interactions involved in this type of partnership, and he describes how he and his colleagues in this enterprise are attempting to identify drugs that may help to combat a wide range of disorders causing cognitive impairment. Not stopping there, Kandel returns to his Freudian roots with an imaginative discussion of how the rapidly emerging discoveries in the biology of memory might contribute to a renaissance of psychoanalytic thinking.
From Vienna to Stockholm and Back Again
On Yom Kippur, October 9, 2000, Kandel received an early morning phone call informing him that he had just received the Nobel Prize, which he shared with Arvid Carlsson and Paul Greengard. Kandel offers his readers a rare glimpse into the process and pageantry of the Nobel experience. In December we travel with Kandel, Denise, and their two children, Paul and Minouche, with several grandchildren in tow, to Stockholm, where the red carpet is rolled out and the festivities begin. While the adult Kandel carries the narrative, we get occasional glimpses of the young Jewish boy from Vienna wandering wide-eyed throughout the ceremonies, marveling at the occasion. The days are punctuated by banquets, speeches, and press conferences, and, of course, somewhere along the line a medal is bestowed. Some weeks later, Kandel received a letter from the president of Austria, Thomas Klestil, congratulating him. What happened next should come as no surprise to readers, who by now have gotten to know that Kandel does nothing by half measures. He suggested to the president that they should organize a symposium in Vienna that would provide a vehicle, as Kandel puts it, for ''comparing Austria's response to the Hitler period, which was one of denial of any wrongdoing, with Germany's response, which was to try to deal honestly with the past.'' The president agreed. Kandel then set about organizing this meeting with the help of a close friend, Fritz Stern, a historian at Columbia University. The symposium took place in June 2003, where Kandel, together with another Nobel laureate, Walter Kohn, himself a Viennese é migré , recounted their early, life-altering experiences in Vienna. Kandel then returned to Vienna in September 2004 to celebrate the publication of the papers delivered at the symposium. He provides us with extremely personal and deeply moving accounts of his many interactions with members of the Jewish community during both of these visits to Vienna, including a celebration of Yom Kippur in the main synagogue. On their last day in Vienna, Kandel and his wife returned to his old neighborhood and stopped outside of the apartment from which he had been driven sixty-five years earlier. He did not enter, he simply remembered.
By the time readers turn the last page of this book, they have come to appreciate the complex interplay of historical, scientific, and personal events that shaped Kandel's life. Interweaving these events in sometimes idiosyncratic ways, Kandel recurrently takes risks, allowing the reader intimate glimpses of his personal life, even those that are not wholly flattering, and moving repeatedly from his own experiences and the historical context within which they occurred to detailed discussions of the history and content of the scientific field that he clearly loves. The book is thus not for the intellectually faint of heart. Both the personal and scientific histories are rich in detail and complex in exposition. But in the end, In Search of Memory is well worth the effort. Readers, laymen, and scientists alike, are given the opportunity to accompany an extraordinary human being on his fascinating journey in search of the biological foundations of memory, his own and ours.
